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Abstract: Objective — Investigating the features of blood biochemical parameters in patients with type 2 diabetes mellitus (DM2), 
depending on the somatotype sensu the Rees-Eysenck body index.  
Material and methods — We examined 88 women of Yakut nationality (39-74 years old) with an established diagnosis of DM2. An 
anthropometric examination with consequent somatotyping according to the Rees-Eysenck body index, along with determination of BMI 
were carried out. The biochemical blood test results were copied from the anamneses of female subjects. Statistical analysis was 
performed using the SPSS Statistics software package for Windows (version 17). Methods of parametric and nonparametric statistics were 
used.  
Results — We established that the anthropometric parameters and BMI of women with DM2 were significantly higher. According to the 
BMI gradation, obesity was more common in people with DM2. The results of somatotyping implied that 11.4%, 50.0% and 38.6%of the 
examined women belonged to the asthenic, normosthenic and pyknic somatotypes, correspondingly. The distribution of somatotypes 
among women with DM2 differed from the general population distribution in a smaller fraction of individuals with asthenic somatotype. 
Blood biochemical parameters in subjects with asthenic body type were within the reference limits (except for glucose), in contrast to 
those of women with other somatotypes.  
Conclusion — Women with asthenic somatotype are less at risk of developing DM2. Even if the ailment develops, their blood biochemical 
parameters remain within reference limits, with the exception of glucose.  
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Introduction  

In modern society, diabetes mellitus (DM) is the most acute 
problem in medicine due to the worldwide prevalence and annual 
increase in the number of patients. As of 2018, in the Republic of 
Sakha (Yakutia), the total number of DM patients was 24,266 
people, of which 23,098 people were patients with type 2 diabetes 
mellitus (DM2) [1, 2]. The enormous social and economic damage 
associated with high DM prevalence dictates the need for a 
comprehensive study of this issue. One of available methods for 
studying individual human health is the anthropological method. 
The somatotype of an individual can be a somatic sign of a 
predisposition to various ailments and an indicator of metabolic 
processes in the body [3]. 

A biochemical blood test is an informative diagnostic criterion 
for diagnosing, monitoring treatment and dynamics of the DM 
course. This method of laboratory diagnostics enables the 
judgement on the functions of internal organs, on metabolism 
quality, as well as on the content of trace elements. 

Combining anthropological and biochemical research methods 
may help in making a diagnosis and in a better control and 

personalization of the disease course. The methodological 
substantiation of this approach can expand our views on the 
treatment of patients with DM. 

Currently, the anthropometric aspect in DM2 issue is limited to 
analyzing some general patient-related information [4]. The 
somatotypological approach to this topic is not sufficiently 
disclosed in the scientific literature. Researchers point out the 
need to pay attention to somatotypes of DM patients rather than 
solely to the blood biochemical parameters [5]. In Yakutia, such 
studies were not carried out, which justifies the scientific novelty 
of our study. 

Study goal: to reveal the peculiarities of the blood biochemical 
parameters in patients with type 2 diabetes mellitus, depending 
on their somatotypes sensu the Rees-Eysenck body index. 

 

Material and Methods 

A total of 88 women were examined with an established 
diagnosis of DM2, undergoing inpatient treatment at the 
endocrinology division of the Republican Hospital No. 2 – 
‘Emergency Medical Center’. The surveyed women were at this 
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department from January through March 2019. Nationality was 
determined by survey method: all women were Yakut. The 
average age of women was 59.82 years (range 39-74 years). 
According to the age periodization, adopted by the USSR Academy 
of Pedagogical Sciences (1965), the surveyed women belonged to 
two age categories: the second stage of adulthood (from 36 to 55 
years old) and senior age (56-74 years old).  

The survey was conducted on a voluntary basis after obtaining 
written informed consent. Exclusion criteria were pregnancy, the 
presence of a pacemaker and cochlear implant, along with a 
refusal to be examined. The survey protocol was approved by the 
local ethics committee. The comparison group was represented by 
Yakut women (35-74 years old) without a diagnosis of DM2. 

The first stage of our study involved an anthropometric 
examination. It was conducted in accordance with the classical 
method by V.V. Bunak [6]. Our measurements included body 
length and weight, waist and hip circumferences, and transverse 
chest diameter. The measurements were carried out using a 
height meter with an accuracy of 1 mm, a medical balance with an 
accuracy of 100 g, a tape meter with an accuracy of 1 mm, and a 
thickness gauge with an accuracy of 5 mm. The measurements 
were taken in the morning. The results were recorded in an 
individual anthropometric survey card. 

Measured anthropometric indicators served the basis for an 
index assessment. 

1. Somatotyping according to the Rees-Eysenck body index [7].  

Rees-Eysenck body index = body height (cm)×100/(TCD×6), 
where TCD is transverse chest diameter (cm). Index values below 
96.0 corresponds to the pyknic somatotype, 96 to 106 to 
normosthenic somatotype, and above 106 to asthenic 
somatotype. Somatotyping sensu Rees-Eysenck resulted in 10 
asthenic female subjects (11.4% of the sample size), 44 
normosthenic women (55.0%) and 34 females with a pyknic body 
type (38.6%).  

2. Body mass index (BMI) was computed as: BMI=BM/BH2, 
where BM is a body mass (kg) and BH is a body height (m). The 
interpretation of BMI values was carried out as follows: under 18.5 

kg/m2 was regarded as underweight; from 18.5 to 24.9 kg/m2 as 
normal body weight; from 25.0 to 30.0 as overweight; above 30.0 
as obesity. 

The second stage of our study included copying the results of 
biochemical blood tests from the medical histories of all examined 
women. Biochemical blood analyses were carried out at the 
biochemical laboratory of Yakutsk City Clinical Hospital. Blood 
samples were taken from subjects on an empty stomach from the 
cubital vein. 

The third stage of our research involved statistical analysis 
using the SPSS Statistics software package for Windows 
(version 17) [8]. The median, along with lower and upper quartiles 
of values, Me (LQ-UQ), were computed. The significance of 
differences among the values of the indicators was assessed by the 
Mann-Whitney test. The significance of differences among relative 
indicators estimated via conducting the Pearson’s Chi-squared test 
(χ2). The value of p<0.05 implied statistically significant 
differences. 

 
Table 1. Blood biochemical parameters in women with type 2 diabetes 
mellitus versus reference values 
Blood biochemical parameters  Ме (LQ-UQ) Reference intervals 
Albumin, g/l  42.00 (39.00-43.60) 37.0-52.0 
Total protein, g/l  70.40 (65.30-72.98) 64.0-83.0 
Glucose, mmol/l  8.35 (5.55-10.91) 3.8-6.3 
Triglycerides, mmol/l  1.65 (1.33-2.08) 0.4-1.8 
Creatinine, μmol/l  73.50 (63.00-79.00) 55.0-95.0 
Urea, mmol/l  4.80 (4.40-6.50) 2.8-7.2 
Total cholesterol, mmol/l 4.80 (4.50-5.78) 3.5-5.5 
LDL cholesterol, mmol/l 3.00 (2.00-3.00) 1.92-4.51 
HDL cholesterol, mmol/l 1.20 (1.10-1.40) 1.7-3.5 
Total bilirubin, μmol/l 9.00 (7.25-13.00) 8.5-20.5 
Direct bilirubin, μmol/l 3.15 (2.33-4.00) 1.0-20.0 
ALT, IU/l 23.30 (17.70-51.20) <35.0 
AST, IU/l 18.30 (15.70-38.50) <31.0 
Calcium, mmol/l 2.30 (2.20-2.40) 2.15-2.5 
Magnesium, mmol/l 0.80 (0.70-0.90) 0.65-1.0 
Sodium, mmol/l 138.00 (137.00-141.00) 130.0-155.0 
Potassium, mmol/l 4.20 (4.00-4.40) 3.35-5.35 

 

Table 2. Blood biochemical parameters in women with type 2 diabetes mellitus versus Rees-Eysenck body index 

Blood biochemical parameters 
Asthenic type 

(n=10) Me (LQ-UQ) 
Normosthenic type 
(n=44) Me (LQ-UQ) 

Pyknic type 
(n=34) Me (LQ-UQ) Statistical significance of difference, p* 

1 2 3 
Albumin, g/l 41.00 (39.00-43.00) 40.00 (39.00-44.00) 42.95 (39.00-43.80) р1-2=0.932 р1-3=0.523 р2-3=0.851 
Total protein, g/l 69.80 (67.60-72.60) 71.30 (65.20-75.80) 69.30 (65.00-72.60) р1-2=0.671 р1-3=0.586 р2-3=0.366 
Glucose, mmol/l 8.23 (4.30-11.22) 8.59 (6.14-14.15) 7.91 (5.03-9.96) р1-2=0.269 р1-3=0.928 р2-3=0.112 
Triglycerides, mmol/l 1.60 (1.50-1.70) 1.70 (1.20-2.00) 1.60 (1.40-2.20) р1-2=0.550 р1-3=1.000 р2-3=0.595 
Creatinine, μmol/l 71.00 (70.00-8.00) 74.00 (63.00-79.00) 74.50 (60.00-93.00) р1-2=0.733 р1-3=0.856 р2-3=0.876 
Urea, mmol/l 4.40 (3.80-4.40) 6.40 (4.50-8.00) 4.50 (4.35-5.60) р1-2=0.017 р1-3=0.021 р2-3=0.075 
Total cholesterol, mmol/l 4.60 (4.30-5.80) 4.90 (4.50-5.40) 5.00 (4.50-5.80) р1-2=0.551 р1-3=0.650 р2-3=0.708 
LDL cholesterol, mmol/l 2.00 (2.00-3.00) 3.00 (2.00-3.00) 2.85 (2.00-3.80) р1-2=0.110 р1-3=0.211 р2-3=0.843 
HDL cholesterol, mmol/l 1.50 (1.00-1.50) 1.20 (1.10-1.30) 1.15 (0.90-1.40) р1-2=0.224 р1-3=0.201 р2-3=0.659 
Total bilirubin, μmol/l 11.00 (9.00-12.00) 11.00 (8.00-13.00) 8.00 (5.00-9.00) р1-2=0.864 р1-3=0.056 р2-3=0.017 
Direct bilirubin, μmol/l 3.90 (2.60-4.50) 3.40 (2.60-4.30) 2.50 (2.20-3.50) р1-2=0.734 р1-3=0.033 р2-3=0.003 
ALT, IU/l 22.40 (13.00-1.20) 24.50 (23.00-68.40) 22.30 (16.05-35.45) р1-2=0.148 р1-3=0.847 р2-3=0.004 
AST, IU/l 16.80 (15.70-5.20) 19.40 (18.10-43.10) 17.90 (13.75-27.28) р1-2=0.269 р1-3=1.000 р2-3=0.026 
Calcium, mmol/l 2.40 (2.30-2.50) 2.30 (2.20-2.30) 2.20 (2.20-2.43) р1-2=0.008 р1-3=0.070 р2-3=0.334 
Magnesium, mmol/l 0.90 (0.80-0.90) 0.80 (0.70-0.80) 0.80 (0.80-0.90) р1-2=0.035 р1-3=0.041 р2-3=0.324 
Sodium, mmol/l 138.00 (137.00-41.00) 139.00 (137.00-141.00) 138.00 (135.00-141.00) р1-2=1.000 р1-3=0.709 р2-3=0.555 
Potassium, mmol/l 4.00 (3.90-4.20) 4.15 (4.00-4.40) 4.30 (4.00-4.40) р1-2=0.233 р1-3=.026 р1-3=0.042 р2-3=0.176 

* – p-values from the Mann-Whitney test 
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Results 

Anthropometric examination included measurement of body 
height and weight, transverse chest diameter, and waist and hip 
circumferences. The body height in women was 157.0 cm (153.00-
161.25), body weight was 75.00 kg (69.50-86.75), waist 
circumference averaged 95.00 cm (89.00-103.25), and hip 
circumference was measured at 103.00 cm (95.00-108.50). The 
transverse chest diameter was 27.00 cm (26.00-29.00). 

Anthropometric indicators of women with DM2 were 
compared with those of women of the Yakut nationality of the 
same age without the DM diagnosis. In women without DM, body 
weight was 61.25 kg (55.20-70.50), waist circumference averaged 
90.18 cm (82.67-94.14), hip circumference was measured at 
100.20 cm (91.85-104.60), while the transverse chest diameter 
was 25.00 cm (24.20-27.48) [9]. It was established that these 
parameters were significantly higher in women with DM2 
(p<0.001). 

Based on the overall body size values, the BMI of women was 
calculated, and comparisons among the indicators of women with 
and without DM2 were conducted. The median BMI of women 
with DM2 was 30.90 kg/m2 (27.62-33.40), which was significantly 
higher (p<0.001) than BMI of women without DM2 (26.62 kg/m2 
(22.93-29.43)). According to the BMI value among DM2 women, 
persons with a body weight deficit (BMI under 18.5 kg/m2) were 
not identified. Normal body weight was found in 9.1% of the 
surveyed women, while overweight women constituted 31.8% and 
obese females represented 59.1% of all studied women. Analysis 
of the distribution of BMI variants in women of two groups (with 
and without DM2) revealed that obesity was significantly more 
frequent in subjects with diabetes. In the group of people without 
DM2, the proportion of obese women was 20.1% (p<0.001; 
χ2=25.688; the critical value of χ2 at a significance level of p=0.01 is 
6.635). 

The biochemical parameters in the blood of women with an 
established diagnosis of DM2 were identified (Table 1). 
Comparison of the average values of blood biochemical 
parameters with generally accepted reference intervals revealed 
that, in women with DM2, such parameters, as glucose, 
triglycerides, and ALT were elevated. Low HDL values in DM2 
women were established. 

Biochemical blood parameters in women with DM2, 
depending on the somatotype, according to the Rees-Eysenck 
body index, are presented in Table 2. It was revealed that the level 
of triglycerides (1.95 mmol/l) was increased in individuals of the 
pyknic somatotype, while in persons with asthenic and 
normosthenic somatotypes, this indicator was within the normal 
range of values. We discovered that in women with normosthenic 
and pyknic somatotypes, the levels of urea and ALT were 
significantly higher than in women with asthenic body type. In the 
latter, these blood parameters were within the normal range. The 
content of direct bilirubin was significantly higher in women with 
normosthenic somatotype. 

 

Discussion 

Anthropometric indicators (body weight, waist and hip 
circumferences, transverse chest diameter) of women with DM2 
were significantly higher than those of Yakut women of the same 
age without the DM diagnosis. In terms of BMI, obesity was 
significantly more frequent in individuals with DM, than in women 

without it (59.1% vs. 20.1%). Among DM2 women, underweight 
individuals were not identified, which significantly differed from 
the comparison group [10]. Among women without DM, 
underweight individuals occurred in 2.8% of cases. Such 
distribution of BMI corresponds to the characteristics of people 
with DM2 [11, 12]. 

In women with DM2, the values of such blood biochemical 
parameters, as glucose, triglycerides, and ALT, were elevated. Low 
HDL values were detected in women with DM2. Similar data 
regarding listed biochemical parameters of blood in Yakut 
nationals with DM2 was observed by other researchers as well 
[13]. Hence, listed biochemical parameters of blood are important 
diagnostic criteria in conditions of diabetes mellitus. 

Analyzing distribution of somatotypes, according to the Rees-
Eysenck body index, we discovered that in the surveyed group, the 
majority of women belonged to normosthenic and pyknic 
somatotypes. A statistically significantly smaller proportion of 
people had asthenic body type (χ2=16.867; p<0.001). The resulting 
distribution of somatotypes among women with DM2 significantly 
differed from the general population distribution in a smaller 
percentage of people with asthenic somatotype. This finding could 
be interpreted as a lower susceptibility of individuals with asthenic 
somatotype to DM2. 

The dependence of blood biochemical parameters in women 
of Yakut nationality with DM2 on their somatotypes sensu the 
Rees-Eysenck body index was revealed. It was determined that in 
persons with asthenic body type, the biochemical blood 
parameters were within the established reference intervals 
(except for the glucose level). In women with normosthenic and 
pyknic somatotypes, we discovered disorders of several blood 
biochemical parameters. 

 

Conclusion 

The results of our study revealed that the distribution of 
somatotypes, according to the Rees-Eysenck body index among 
Yakut women with DM2 significantly differed from the general 
population distribution in a smaller fraction of individuals with 
asthenic somatotype. Most women belonged to the normosthenic 
and pyknic somatotypes. The dependence of the blood 
biochemical parameters in DM2 women on the somatotype, 
according to the Rees-Eysenck index, was established. The 
biochemical parameters of blood in women with asthenic body 
type were within the established reference intervals (with the 
exception of glucose levels), in contrast to the women with other 
somatotypes. According to the results of the study, it can be 
argued that women with an asthenic body type are less at risk of 
developing type 2 diabetes mellitus and, in the case of the 
development of the disease, blood biochemical parameters remain 
within the normal range, with the exception of glucose. The 
conducted research allowed us to supplement the characteristics 
of the diabetes mellitus course with new information. 
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